Background-Although postmenopausal hormone therapy (HRT) commonly is used in hope of preventing coronary heart disease, the effect of HRT on case fatality of myocardial infarction has never been studied. We evaluated HRT as a predictor of survival after MI in postmenopausal women. Methods and Results-The present study was performed with 114 724 women of age Ն55 years with confirmed myocardial infarction who presented between April 1998 and January 2000 to 1 of 1674 hospitals participating in the National Registry of Myocardial Infarction-3. Presenting characteristics, treatment, and clinical outcome data were obtained by chart review. At time of hospitalization, 7353 (6.4%) women reported current use of HRT, defined as use of estrogen, progestin, or estrogen/progestin for reasons other than contraception. Unadjusted mortality was 7.4% in users of HRT and 16.2% in nonusers (odds ratio 0.41, 95% confidence interval 0.36 to 0.43). After adjustments were made for prior medical history, clinical characteristics, treatments received in-hospital, and likelihood of receiving HRT, HRT remained associated with an improved rate of survival (odds ratio 0.65, 95% confidence interval 0.59 to 0.72).
P ostmenopausal hormone therapy (HRT) with estrogens is commonly used for coronary heart disease prevention in women. 1 Numerous observational studies have found an association of HRT with decreased incidence of myocardial infarction (MI) and coronary death in women without known coronary heart disease. 2 However, the one randomized trial to test the effect of HRT on coronary heart disease events in postmenopausal women, the Heart and Estrogen/progestin Replacement Study (HERS), found no beneficial effect of HRT for reduction of incidence of MI among women with prior coronary disease. 3 Also, no significant difference occurred in the rate of fatal cardiovascular events, but the number of fatal events was relatively small (nϭ129). 3 
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Prior observational studies have found that HRT was associated with favorable outcomes after coronary angioplasty and coronary artery bypass graft surgery. 4 -6 In addition, estrogen therapy has multiple physiological effects that might limit ischemia and reduce reperfusion injury in acute MI. [7] [8] [9] [10] [11] We hypothesized that use of HRT before hospitalization would be associated with decreased in-hospital mortality among postmenopausal women with acute MI.
Methods

Design and Data Collection
We designed a retrospective cohort study that used data from the National Registry of Myocardial Infarction-3 (NRMI-3), which includes information collected during hospitalization on patients discharged with confirmed MI at 1674 participating hospitals. Diagnosis of MI required a principal discharge diagnosis of MI (410.X, International Classification of Diseases, Ninth Revision, Clinical Modification) and presentation consistent with MI and Ն1 of the following: (1) total creatine kinase or creatine kinase myocardial isoenzymes Ն2ϫ upper limit of normal range, (2) ECG evidence of MI, or (3) alternative enzymatic, scintigraphic, or autopsy evidence of MI. Each hospital is encouraged to enroll data on a consecutive sample of patients (if not all patients), to maintain generalizability of the NRMI-3 sample. Data on each patient were entered onto a 2-page case report form by trained chart abstractors. Double-key data entry and electronic data checks were performed routinely by the data collection center (Statprobe) to ensure accuracy, consistency, and completeness of data.
Subjects
From April 1, 1998, through January 31, 2000, a total of 404 106 men and women with MI were enrolled in NRMI-3. We excluded patients who were transferred to another hospital because we lacked information on their vital status at hospital discharge (nϭ86 205). Because NRMI-3 does not collect information on menopausal status, we limited the present study to women of age Ն55 years, which resulted in a cohort of 114 724 women with documented MI.
Measurements
Primary predictor variable was use of HRT before hospital admission. HRT is defined in the NRMI-3 as "the use of estrogen, progestin, or estrogen/progestin for reasons other than contraception." Women are coded as current users or nonusers, but no record is made of past use. No information on dose, preparation, or cyclic or noncyclic administration or other details were recorded. Information also was collected on patient demographic characteristics (age, race, and region of residence in the United States), past medical history (diabetes, hypertension, stroke, MI, heart failure, PTCA, CABG, hypercholesterolemia, and family history of coronary artery disease), clinical presentation characteristics (presence of chest pain, systolic and diastolic BPs, heart rate, Killip class at initial evaluation, ECG findings, and location of infarct) and treatments during index hospitalization (medications and procedures).
Primary outcome of the present study was in-hospital mortality. Secondary outcomes were MI complications during hospitalization: heart failure, hypotension, recurrent ischemia, ventricular arrhythmia, cardiogenic shock, recurrent infarction, stroke, and cardiac rupture.
Statistical Analysis
We compared admission characteristics and in-hospital treatment of users and nonusers of HRT with the t test for continuous variables and the 2 test for categorical variables. To determine association of HRT use with MI complications and in-hospital mortality, initially we made unadjusted comparisons with the 2 test. We used multivariate logistic regression to adjust for differences in baseline characteristics, severity of presentation, and treatments received in hospital. We used a forward stepwise procedure with PϽ0.05 to select variables for inclusion into the multivariate model. We repeated these multivariate models evaluating association of HRT with in-hospital survival within age strata.
In addition, we used propensity score methods to adjust for residual selection bias. 12 First, we constructed a multivariate logistic regression model with HRT use (yes/no) as the outcome variable, and admission characteristics (demographics, medical history, and clinical presentation) as predictor variables. Coefficients from this analysis were used to calculate likelihood of receiving HRT for each patient in our sample, regardless of whether the patient actually received HRT. This "propensity to receive HRT" was entered as a predictor variable in the multivariate logistic model, with in-hospital mortality as the outcome. Thus, we attempted to adjust association of HRT with in-hospital survival for differences between patient groups and for propensity to receive HRT.
Potential Interactions
Because prior heart failure was more common among nonusers of HRT, we compared association of HRT with heart failure complications after MI separately for women with versus without prior diagnosis of heart failure. We also determined adjusted association of HRT with in-hospital mortality separately for women with versus without prior heart failure.
We hypothesized that the effect of HRT on in-hospital survival would differ for women receiving thrombolytic therapy. We evaluated presence of thrombolytic therapy/HRT interaction among women who were ideal candidates for thrombolytic therapy (patients who had ST-segment elevation or left bundle-branch block on initial ECG, presented within 12 hours of symptom onset, and had no contraindications to thrombolytic therapy).
Results
Patient Characteristics
Among the 114 724 women with MI in the NRMI-3 of age Ն55 years, 7353 (6.4%) were current users of HRT at time of hospital admission. Hormone users were younger; more likely to be white; and less likely to have a history of diabetes, heart failure, prior MI, and prior stroke than nonusers but were more likely to have hypercholesterolemia and family history of premature coronary artery disease and to use tobacco ( Table 1) .
At initial presentation, women who were hormone users had slightly higher systolic BP and lower heart rates and were more likely to complain of chest discomfort than nonusers (Table 1) . At first clinical assessment, signs of heart failure (Killip class 2 to 4) were observed in 21% of HRT users versus 36% of nonusers. However, women on HRT were slightly more likely to have ST-segment elevation or left bundle-branch block on first ECG and anterior MI and to be admitted with a diagnosis of MI.
In-Hospital Therapy
HRT users received more-aggressive in-hospital care than women who were nonusers ( Table 2 ) and were more likely to receive reperfusion therapy, acetylsalicylic acid (aspirin), heparin, ␤-blockers, and nitrates. Before discharge, HRT users were more likely to undergo coronary angiography, PTCA, and CABG than nonusers.
Adverse Events and Mortality
Complication rates were similar among HRT users and nonusers. Nonusers were more likely to develop heart failure or cardiogenic shock but less likely to have recurrent ischemia while in hospital ( Table 3 ). Proportion of women who experienced hypotension, ventricular arrhythmia, recurrent MI, stroke, and cardiac rupture was similar among users and nonusers of HRT. However, risk of in-hospital mortality for women who used HRT was less than half that of women who did not use HRT (unadjusted odds ratio [OR] 0.40, 95% confidence interval [CI] 0.36 to 0.43).
Multivariate Analysis
After adjustment for patient characteristics, treatment inhospital, and likelihood of receiving HRT, use of HRT remained associated with reduced odds of in-hospital mortality (OR 0.65; 95% CI 0.59 to 0.72). (Table 4 ) Reduction in odds for mortality after adjustment varied from 28% to 46%, with association being strongest for the youngest group of women (age 55 to 64 years).
Potential Interactions With Prior Heart Failure and Thrombolytic Therapy
Use of HRT was associated with decreased heart failure complications among women with a prior diagnosis of heart failure (44% versus 48%, Pϭ0.02) and without a prior diagnosis of heart failure (17% versus 25%, PϽ0.0001).
Adjusted association of HRT with decreased in-hospital mortality was similar among women with prior heart failure (OR 0.62, 95% CI 0.50 to 0.77) and without prior heart failure (OR 0.66, 95% CI 0.59 to 0.74).
We repeated multivariate analysis among women who received thrombolytic therapy (nϭ13 482). Use of HRT was associated with reduced mortality risk in this subgroup (OR 0.65, 95% CI 0.51 to 0.84). We detected no statistical interaction between HRT and thrombolytic therapy among women who were ideal candidates for thrombolysis (nϭ20 856).
Discussion
Many observational studies and 1 clinical trial have evaluated association between postmenopausal HRT and risk of incident MI. 2, 3, [13] [14] [15] To our knowledge, no large study to date has evaluated effect of HRT on case fatality of MI. We found that 7% of women with MI were current users of HRT, and these women were somewhat younger and healthier than nonusers. In-hospital treatment for MI was more aggressive for women who used HRT. However, after adjustment for these differences, HRT remained associated with 35% reduced odds of in-hospital mortality overall and significantly reduced odds in each age category. Because these results are observational, interpret them with caution. The only clinical trial to evaluate the effect of HRT on coronary risk, the HERS trial, found no benefit from an estrogen/progestin combination in women with documented coronary artery disease. 3 Participants in the present study may have differed from HERS participants because less than half the women in the present study had prior coronary heart disease events and HRT users may have undergone HRT for decades. However, benefit of HRT for cardiovascular prevention in observational studies also could be explained by differences between users and nonusers of HRT, despite multivariable adjustments. 2 Similar bias could explain all or part of the association observed in our present study. Users of HRT in the present cohort generally were younger and had less comorbidity than nonusers. We controlled for these differences in our multivariable analysis, but the healthier profile that decreased mortality risk also may have increased their likelihood of taking HRT, in which case the association between HRT and lower mortality may not be causative. Users of HRT might have been expected to have healthier lifestyles than nonusers, but greater use of tobacco among HRT users is inconsistent with this hypothesis. Because HRT users received more treatment interventions during hospitalization, they may have received care at hospitals with greater experience with MI care, which would be an additional potential confounder. To account for these and other unmeasured differences between HRT users and nonusers, we calculated a propensity score for likelihood of receiving HRT based on measured characteristics. Selection bias should have been minimized by this extensive multivariate adjustment. 12 Adherence bias refers to the favorable characteristics of patients who are willing to take a daily medication for prevention. This bias could be more important than selection bias for explaining disparate results between observational and randomized trials that evaluate such therapies as HRT, beta carotene, and vitamin E. 3,16 -18 Simply complying with assigned treatment, even a placebo, has been associated with decreased mortality risk. 19 -21 In the present study, users and nonusers of HRT may have differed in important characteristics related to treatment compliance for which we were unable to control.
Although these systematic biases may explain the association of HRT with survival after acute MI, several mechanisms by which HRT could benefit women in the setting of an acute coronary event have been described. 22 Estrogen has favorable effects on vasomotor tone, blunting vasoconstrictor response to prostaglandin-F2 23 ; histamine, serotonin, and angiotensin II 24 ; and norepinephrine. 25 Such effects appear to be mediated by nitric oxide synthase and free-radical scavenging. 26, 27 In addition, women on HRT have been shown to have lower levels of plasminogen activator inhibitor 8 and higher D-dimer levels, which suggests greater endogenous fibrinolysis. 9 HRT may also moderate reperfusion injury in acute MI. In animal models, estrogens decrease mediators of inflammation within the infarct zone, 10 abolish the burst of OH radicals on reperfusion, 11 and increase serum glutathione levels. 28 In the short term, estrogen speeds endothelial repair after mechanical injury is simulated with a balloon or scraper and neointimal thickening is blunted. 7 These mechanisms may translate into clinical benefits. In a retrospective analysis of postmenopausal women undergoing PTCA, patients taking HRT had fewer cardiovascular events (12% versus 35%) and better survival (93% versus 75%) than matched controls over 7 years of follow-up. 4 In a similar study, in-hospital and long-term (22-month) survival was better among women taking HRT at the time of PTCA. 5 Among women undergoing coronary artery bypass graft surgery, HRT was associated with a 62% improvement in the odds of 5-year survival, 6 although a subsequent study found no significant association. 29 Each of these studies was observational and thus subject to the same potential biases as the present study. Our data do not support any specific physiological mechanism of HRT to explain the observed mortality difference. Unadjusted rates of in-hospital adverse events were similar among users and nonusers of HRT. Of note, no differential effect of HRT was seen among patients who did or did not receive thrombolysis, which argues against any enhancement of this therapy. Similarity in complication rates implies that women on HRT were more likely to survive for reasons other than reduced complications, which may or may not be related to a beneficial effect of HRT itself. For comparison, a recent study by Alexander and colleagues 30 in 1857 women who survived MI also found HRT users to have lower mortality risk but increased risk of unstable angina admissions.
Among the limitations of the present study is that we do not have information on duration of use, type of hormones taken, or dosage level of HRT, such that the treatment association observed could represent a rough average of many therapies. Also, because the data collection process in NRMI-3 is conducted separately at each hospital, misclassification of HRT status may have occurred. However, accuracy of NRMI data has been favorably compared with the rigorously validated Cooperative Cardiovascular Project database. 31 NRMI-3 includes outcomes only until hospital discharge; thus, any effect on long-term mortality cannot be assessed from this data set.
In conclusion, we found that among postmenopausal women who presented with acute MI, women undergoing HRT were younger and healthier than women not undergoing HRT and were treated more aggressively during hospitalization. Nonetheless, after controlling for these differences, HRT was associated with a substantially lower risk of in-hospital mortality. This association of HRT with improved survival may be explained by a therapeutic effect of HRT, by selection and adherence bias, or by some combination of both.
